Introduction
Rice (Oryza sativa L.) is one of the most important cereals cultivated worldwide, constituting the basic food for large number of human beings, sustaining two-thirds of the world population [1] . According to FAOSTAT, 2008 , India accounts second in the production of rice after China with total production of 141 MT and 187 MT respectively. However, the area under cultivation of the rice is about 44,000,000 hectares and 29,495,000 hectares in India and China respectively. The yield of rice is 32,075 hectogram per hectare and 80,538 hectogram per hectare respectively. This shows lower yield of rice in India, which could be increased by using high yielding varieties. Archaeological evidence indicates that rice was a part of the Indian diet by 8000 BC [2] . Agricultural activity during the second millennium BC included rice cultivation in the Kashmir and Harrappan regions [3] . In India, rice consumption is generally accomplished in various forms like whole cooked grain, as dish meal, where rice is served normally in two ways, white rice and parboiled grains. It is the main base for preparation of many indigenous fermented food products (like idli, dosa, uttapam, sake-an alcoholic beverage), sweets (anarasa, khir), khichadi, pulav, puffed and extruded products.
The marketing values of rice as an agricultural product depend on its physical qualities after the harvesting. The percentage of whole grain is the most important parameter for the rice processing industry (Marchezan, 1991) [4] . Broken grain has half the market value of head rice (head rice=75-100% of whole kernel) (Trop Rice International Rice Research Institute, 2004). As enlisted above, the machinery and operations when improperly designed may generate rice kernel cracking and breakage and consequently a low marketing price. The knowledge of the physical properties of the agricultural products is of fundamental importance during the harvesting of grains, transporting, design and dimensioning of correct storage procedure, manufacturing and operating different equipments used in post harvesting main processing operations of these products. The information related to porosity and specific gravity, within other physical characteristics of the agricultural products, are of paramount importance for studies involving heat and mass transfer and air movement through the bulk grain. In addition, together with moisture content, volume, specific gravity and porosity are the basic parameters for studying the drying and storage of agricultural products and to preview the quality loss of the material until its marketing time. The specific gravity could be defined as the ratio between the mass of a body and its volume. This concept applied to the individual grain, it determines the real specific gravity of the individual grain. When this concept is applied to the bulk grain determines the bulk density. According to Mohsenin [5] , porosity is defined as the ratio of the inter-granular void space volume and the volume of the bulk grain. The porosity can be determined through the direct method by measuring the added liquid to fulfill the void space of bulk grain. Several authors, through the years, pointed out the need for knowledge of other physical properties. For example, the static and dynamic friction coefficients, such as grains on the equipment wall and on the silo wall surfaces are necessaries and fundamentals for a rational and safe design of grain moving equipment, processing and storage [5] [6] [7] [8] [9] . This property develops an important role on silo wall pressure and grain flowing behaviors. The friction coefficient is defined as the ratio between the friction forces (force due to the resistance of movement) and the normal force on surface of the material used in the wall. For biological products, according to Mohsenin [5] , two types of friction coefficients are considered, the static coefficient determined by the force capable to initiate the movement and the dynamic coefficient determined by the force needed to maintain the movement of the grains in contact with the wall surface which depends on the type and nature of the material in contact.
The physical properties of rough rice have been previously studied. Taking into account the data shortage in a scientific literature in the variety specific area, the objective of this work is to determine some gravimetric, geometric, and frictional properties of rice kernels PR-106, which is very common variety in the Punjab state and rest of the India.
Practical Applications
The machinery and operations when improperly designed may generate rice kernel cracking and breakage and consequently a low marketing price. The knowledge of the physical properties of the agricultural products is of fundamental importance during the harvesting of grains, transporting, design and dimensioning of correct storage procedure, manufacturing and operating different equipments used in post harvesting main processing operations of these products [6, 10] . Information related to porosity and specific gravity, within other physical characteristics of the agricultural products, are are of paramount importance for studies involving heat and mass transfer and air movement through the bulk grain. Effect of different processing methods on physical characteristics of whole pigeon pea is studied by Ghadge et al. [11] . The different processing methods affect the physical characteristics of whole legume. Faster reconstitution of precooked, frozen and cabinet dried samples was due to increased porosity as indicated by lowest bulk density and relatively higher water absorption and higher sedimentation values. Higher sedimentation value also indicates higher dispersability, which reveals the importance of physical properties. Therefore, present paper provides important information on the physical properties of incredibly produced variety of rice PR-106.
Materials and Methods
This work was carried out in the Department of Food Engineering & Technology, located at the Sant Longowal Institute of Engineering & Technology, Longowal-Punjab, India.
Sample preparation
The rice (Oryza sativa L.) of variety PR-106 was procured from Punjab Agricultural University, Ludhiana. The kernels were cleaned in an air classifier to remove lighter foreign matter such as dust, dirt, chaff, immature and broken kernels. The initial moisture content of the kernels was determined using hot air oven method [12] .
Physical characteristics
The shape of the rice was found to be cylindrical with three perpendicular dimensions, length (L), width (W) and thickness (T). The physical dimensions were determined randomly measuring the length, width and thickness of 100 kernels using dial type vernier caliper (Mitutoyo Corporation, Japan) having least count 0.02 mm.
The geometric mean dimension (D e ) of kernels was found using the relationship given by Mohsenin [5] as: 1/3 ( )
The criteria used to describe the shape of the seed are the sphericity and aspect ratio. Thus, the sphericity (S p ) was accordingly computed [5] as:
The aspect ratio (R a ) was calculated [13] as:
The weights of the kernels were recorded using electronic balance (Ishida Co. Ltd., Japan) to an accuracy of 0.001 g.
The surface area (S a ) was calculated using the relationship (Equation 4) given by McCabe et al. [14] :
The kernel density of kernel is defined as the ratio of mass of seed to the solid volume occupied [15] . The seed volume was determined using liquid displacement technique. Toluene was used in spite of water so as to prevent the absorption during measurement and also to get the benefit of low surface tension of selected solvent [16, 17] . Kernel density was evaluated using the methods suggested by Williams et al. [18] . The porosity (ε) of bulk seed was computed from the values of kernel density (ρ t ) and bulk density (ρ b ) using the relationship (Equation 5) given by Mohsenin [5] :
The angle of repose (φ) considered as the angle in degrees with the horizontal at which the material will stand forming a heap, was determined using relationship [5, 19] as:
The static coefficient of friction (μ) was determined for three structural materials namely glass, plywood and galvanized steel sheet. A plastic cylinder of 50 mm diameter and 60 mm height was placed on an adjustable tilting flat plate faced with the test surface and filled with the sample of about 100 g. The cylinder was raised slightly so as not to touch the surface. The structural surface with the cylinder resting on it was inclined gradually, until the cylinder just started to slide down. The angle of tilt was noted and tangent of the angle is reported as coefficient of static friction [20] [21] [22] .
Statistical analysis
In the present study, the results are expressed as mean and standard deviation (S.D.) of two determinations.
Results and Discussions
A summary of the results for all the parameters measured and determined is shown in Table 1 . The frequency distributions of the physical properties are shown in Figure 1 . The moisture content of the kernels at the time of experiment was 13.34 ± 0.53% dry basis. The moisture content found can help to suggest the stability in storage of rice.
The longitudinal dimension or Length (L) for the kernels ranged from 5.90 to 7.30 mm with the mean value as 6.61 ± 0.038 mm (Table 1) . However, a greater percentage (55%) of the seed longitudinal dimension lies between 6.3 and 6.9 mm with 24% between 6.0 and 6.3 mm. For the width (W), the distribution was 34% and 28% between 1.7-1.8 and 1.5-1.6 mm, respectively. A similar trend was observed for the seed thickness (T) as 67% and 23% for 1.2-1.4, 1.4-1.5 mm, respectively. Although, Mohsenin [5] had effectively highlighted the imperativeness of the axial dimensions in machine design, the comparison of the data with existing work on the other seeds can be sufficient in making symmetrical projections towards process equipment adaptation. It is seen from ( Table 1) that the sphericity and aspect ratio of the kernels varied from 33.33 to 43.57 (±1.915)%, 22.24 to 30.65 (±2.137)%, respectively. Within the ranges, 46% of the aspect ratio is from 37.6-39.6% with 25% of the value having a range of 35.6-37.6% (Figure 1 , Table 1 ). The lower sphericity values thus suggest that the kernels tend towards a cylindrical shape [23] . Thus, the lower values of the aspect ratio and sphericity generally indicate a likely difficulty in getting the kernels to roll than that of peas like spheroid grains. They can, however, slide on their flat surfaces. This tendency to either roll or slide should be necessary in the design of hoppers for milling process. However, the surface area ranged from 17.30 to 23.50 (±0.015) mm 2 , respectively. The surface area is a relevant tool in determining the shape of the seeds. This will actually be an indication of the way the kernels will behave on oscillating surfaces during processing [24] .
The average kernel weight was 0.017 g, although the weight varied between 0.015 and 0.020 (±0.001) g. Weight is an important parameter to be used in the design of cleaning grains using aerodynamic forces [25] . The volume of kernels ranged from 0.050 to 0.054 ml with mean value of 0.051 ± 0.002 ml. The true density value lies within 1.517 to 1.528 g/ml. However, the mean value was 1.521 ± 1.58 g/ml. The value of true density indicates that, the kernel density is higher than water, which is the important property in case of food grains during wet cleaning, as kernels does not float on water. The porosity of the kernels was found to be 47.07 ± 1.53%.
The frictional properties examined for the kernels are the angle of repose and the coefficient of static friction. Essentially, the angle of repose was 34.86 ± 0.5970. This phenomenon is imperative in food grain processing, particularly in the designing of hopper for milling equipment. The co-efficient of static friction found was 0.249 on glass, 0.239 on plywood and 0.217 on a galvanized steel sheet. It is observed that obtained values of coefficient of static frictions for rice kernels are lower. This fact was expected because the milling operation makes the grain surface smoother which agrees with Mohsenin [5] , who affirms that the friction and consequently its coefficient are affected mainly by the nature and type of the surface in contact.
Conclusions
1. The physical properties of L, W, T, M and V were measured at a moisture content of 13.34 ± 0.53% (dry basis) and the following results were obtained: the average split length, width, thickness, unit mass and volume were 6.61 mm, 1.75 mm, 1.40 mm, 0.017 g and 0.051 cm 3 respectively. There was no much more difference in width and thickness of rice kernels which is attributed to cylindrical shape of rice kernels.
2. The calculated physical properties like the geometric mean diameter, surface area, porosity, sphericity, true density, aspect ratio were 2.52 mm, 20.10 mm 2 , 47.07%, 38.28%, 1.521 g/ml, 26.58% respectively. The lower sphericity is due to cylindrical shape of rice kernels. 
